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Abstract. This article proposes a systematic framework for data collection 
when executing Product Configuration System (PCS) projects. Since the data 
collection in PCS is one of the most time consuming tasks, a systematic frame-
work to handle and manage the large amount of complex data in the early stag-
es of the PCS project is needed. The framework was developed based on the 
current literature in the field and revised during testing at a case company. The 
framework has proven to provide a structural approach for data collection, 
which saved the company both time and money in the initial phases of the PCS 
project. The framework consists of five steps, which are; establishing a goal and 
the methods for stakeholder analysis, categorize and group the data collection, 
prioritizing of products and functionalities, collection and validation of the data 
by domain experts and finally analysis, documentation and maintenance in the 
future. 
Keywords: Data Collection; Product Configuration System; Stakeholders; Data 
Acquisition 
1 Introduction 
A product configurator is a subtype of software-based expert systems or Knowledge 
Based Systems (KBS) with a focus on the creation of product specifications [1]. Data 
collection in configuration projects is one of the most time consuming task due to the 
different expertise between domain experts and configuration engineers
1
. Therefore it 
                                                          
1  Configuration Engineer models, implement, maintain PCS and also support and train users. 
Configuration Engineers have to create accurate product plans and manage design projects. 
They also are responsible for leading other staff members and keeping their knowledge of 
the industry as up-to-date as possible. A configuration engineer uses manual drawing tools 
or computer-aided design programs to create drafts of how his or her company’s goods 
should look and operate. These drawings need to meet product specification standards and 
be detailed, and the products must be designed well enough to meet customer needs. Engi-
neers in this career area also should have skills with computer programming particularly 
when dealing with software development, in which case their focus is on tracking and con-
trolling changes in software products [45] 
is important to scope the data collection process and use the right tools in order to 
reduce time and resources. Fleischanderl et al. [2] argue that up to 20% of the PCS 
development cost is usually spent for the configuration software system. Early in the 
implementation of a configuration model, a knowledge acquisition and data cleansing 
stage is required to centralize the product knowledge, which includes the correspond-
ing product data [3]. Currently there is no systematic methodological framework for 
the knowledge acquisition processes to guide organizations to select from the appro-
priate application that can be used for knowledge acquisition [4]. The level of detail 
of the information gathered and modelled in the PCS determines the complexity of the 
PCS. The process of configurator’s development is built around a very important 
element, which is to ensure that the required information is available for the project 
team [5].  
1.1 Problem Statement 
Ohno Taiichi the father of Toyota production systems and the founder of ‘Just In 
Time (JIT)’ methodology states “Making only what is needed, when it is needed, and 
in the amount needed!" [6]. Based on this choosing the most efficient way of collect-
ing the right data just in the sufficient amount is necessary. Configuration engineers-
spend both time and energy on gathering information, and sometimes without know-
ing if the gathered data are the necessary knowledge for PCS or if there is some miss-
ing datum. The main difficulties in acquiring knowledge from domain experts are due 
to variety of the knowledge, the various representations of the knowledge, and due to 
difficulties in making the knowledge explicit and accessible. Furthermore, the 
knowledge has to be up to date in order to secure that the PCS will provide only valid 
configurations. In the light of those problems for the knowledge acquisition and 
maintenance processes,  the performance of the reasoning engine and  the availability 
of tools for knowledge acquisition have to be taken into the account when deciding on 
technological basis for the configuration application [3].  
This paper aims to help in the processes of controlling the exact level of detail to 
be included in the system, before doing the actual modeling of the PCS that result in 
less complexity of the PCS. In order to do so this paper defines tools to handle and 
manage the large amount of complex data in the early phases of the PCS project. 
Managing the level details in the early phases is of great importance from different 
aspects as it will increase the understanding, learning and make the modelling task 
less complex. Data collection in PCS projects is one of the most time consuming tasks 
due to the different expertise between domain experts and configuration engineers. 
There are several researches on knowledge acquisition for PCS projects but few re-
searches have focused on the data gathering before entering and explicating them in 
the PCS. Therefore this paper aims to pursue that research opportunity by presenting a 
framework for gathering data in a more efficient way for PCS projects before they are 
modelled into the system. 
This article's aim is to provide answers to following questions based on the frame-
work mentioned above 
1. What are the goals of the project and the stakeholders’ requirements 
2. How to categorize data before starting the data collection? 
3. How to prioritize the products and functionalities of the PCS? 
4. How to validate data? 
5. How to maintain and document data? 
2 Research Method 
In accordance with the overall objective, the research has been structured into two 
phases. The first phase is focused on the development of the framework and the sec-
ond phase is concerned with testing the framework.  
2.1 Development of the Framework 
The first phase of the research was devoted to selecting a data collection framework 
for IT projects from pervious literature. In this research the framework is customized 
based on an available framework developed for IT projects [7], methodologies and 
requirements for documenting PCSs [8,9], and stakeholders’ analysis based on RUP 
principles [10]. 
The framework was developed by researchers with an applied research background 
in modelling products, product architecture, knowledge engineering and product con-
figuration, software development, combining traditional domains of mechanical engi-
neering with product configuration and software development. 
2.2 Testing the Framework 
The purpose of testing the framework in a company was to explore if the proposed 
framework would perform as expected. In particular, the test aimed at establishing 
whether the data gathered based on this framework were sufficient and efficient 
enough for the configuration team at the case company.  
A project team was formed in an industrial company that included two researchers 
from the Technical University of Denmark, a software developer and configuration 
engineer from the company working 50% of their time on the project for three 
months.  
3 Literature Review 
The literature is identified from searching online libraries (such as Science direct, 
Scopus, etc.) by the use of keywords, such as “modelling techniques”, “mass custom-
ization”, “product  configuration”, “IT systems”, “UML”, “data gathering”, 
“knowledge acquisition”, “configuration systems structure”, “knowledge manage-
ment”, “expert systems” and “product life cycle and data management systems”. Ad-
ditionally, the list of references of each article is used to identify the related bibliog-
raphy, as well as the names of the researchers in the recognized research groups with-
in this field. The first section in the literature describes the previous research works 
for data acquisition for IT systems in general and PCS in particular. The literature 
review revealed lack of structural frameworks for data gathering in PCS. The frame-
work proposed in this article is based on the previous frameworks for data collection 
in IT projects, which is explained in section 3.1. In Section 3.2 previous studies and 
tools for stakeholder analysis are introduced, as it is fundamental in determining the 
goals and deliverables of the project in the early stages. There are lots of research 
works on efficient maintenance and documentation of the data in PCSs due to the 
high importance of this step which is provided in section 3.3. 
3.1 Existing Frameworks for Data Acquisition for IT Projects in General and 
for Configuration Projects in Particular  
One of the first steps in most IT projects, including PCS projects, is to collect and 
organize the required domain experts’ knowledge. It should be noticed that a valuable 
source of information regarding the different aspects of products can also be available 
in internal software systems such as ERP system, calculation system and spreadsheet 
documents [11]. Felfernig et al. [12] describe how to support both goals by demon-
strating the applicability of the Unified Modeling Language (UML) for configuration 
knowledge acquisition. Barker et al. [13] explain the volatility problems and scope 
expansion in the PCSs, which differentiates PCS from other IT projects. Scope expan-
sion means that the system becomes more integrated with the other systems and as the 
system is used by different business groups that lead to additional requirements and 
data. In order to acquire knowledge in a more efficient way for the PCS with mini-
mum time and resources consumption in the early phases of the project, more system-
atic methods are required. PCSs often use large and complex knowledge bases that 
have to be documented, maintained and updated over time. The explicit representation 
of problem-solving knowledge and factual knowledge can greatly enhance the role of 
a knowledge acquisition tool by deriving from the current knowledge base, the 
knowledge gaps that must be resolved [14]. Basili et al. [7] suggest a framework for 
collecting data in IT projects that consist of the following six schemes: 
 
1. Establish the goals of data selection 
2. Develop a list of questions of interest   
3. Establish data categories 
4. Design and test data collection form 
5. Collect and validate data 
6. Analyze the data 
The configuration projects are categorized as software projects, however in configura-
tion projects, configuration engineer utilizes information coming directly from the 
domain experts and internal documentation systems in order to construct the configu-
ration model. In PCS the implementation and management are of more importance, as 
the obstacles are greater and data failure will have damaging consequences on the 
project procedure.  
3.2 Stakeholder Analysis 
In the knowledge acquisition process, there is a need for configuration engineer or 
system analyst to identify the different stakeholders and the sources of knowledge 
[11]. Nollore et al. [15] focus on the initial specification process in product develop-
ment and propose a model to manage the interaction of the different stakeholders in 
the early stages. Forsythe et al. [16] define the importance of building the knowledge 
base and to gather data through face to face interviews between domain experts and 
knowledge engineers, in order to avoid practical problems in communication criteria 
between the knowledge engineers and the domain experts  when developing the sys-
tems. Hvam et al. [17] suggest a methodology based on the representation of the 
product in a hierarchical structure using UML to package and present the product 
information for a targeted set of stakeholders (knowledge domain). In the context of 
configuration, at least three viewpoints are relevant: the customer, engineering and 
production views, which correspond to the most important stakeholders in the PCSs 
projects. Furthermore, Felfernig et al. [3] introduce UML as the language that is a de 
facto software engineering industry standard and thus more easily accessible for the 
stakeholders in a development project. Mortensen et al. discuss a procedure to handle 
the conceptual modeling, which is expected to improve the conditions to involve the 
relevant stakeholders early in the projects and improve conditions [18]. 
Based on IT projects, categorization of the requirements can be done according to 
two main aspects, which are functional and non-functional requirements. Non- func-
tional requirements or general quality attributes, which emphasize that quality means 
compliance to requirements. A requirement that describes not what the software will 
do, but how the software will do it is called a nonfunctional requirement [19]. Jiao et 
al. [20] illustrate the steps for non-functional requirements identification, which are 
demonstrated in Table 1. 
Table 1. Features for non-functional analysis [20] 
Features Explanation 
Requirement elicitation This is to extract and make an inventory of the require-
ments of stakeholders. 
Requirement analysis This is to interpret and derive explicit requirements that 
can be understood by everybody. 
Requirement specifica-
tion 
Requirement specification is about the definition of con-
crete product specifications (FRs) in the functional domain. 
 
A functional requirement is a requirement that specifies each function that a system 
must be capable of performing [19]. Lim at al. [21] provide the following features, 
which are demonstrated in Table 2 used to identify and prioritize those requirements. 
Table 2. Features to identify and prioritize requirements [21] 
Features Explanation 
Identify Requirements The list of requirements could be elicited from inter-
viewing an initial subset of stakeholders. 
Prioritize Requirements Prioritizes requirements using the stakeholders’ ratings 
on the requirements and their influence in the project 
[21].  
Recommend Requirements 
of Interest 
Predicts a stakeholder’s preference on unrated require-
ments using collaborative filtering techniques, and then 
recommends requirements with the highest predicted 
ratings to the stakeholder[21]. 
Highlight Stakeholders in 
Conflict 
Highlights stakeholders with conflicting preferences for 
requirements [21]. 
 
The MoSCoW rules are commonly used when prioritizing stakeholder needs. 
MoSCoW is derived from the first letters of the following criteria: Must have (Mo), 
Should have (S), Could have (Co), Want to have (W) [22]. To improve the quality of 
prioritization, the analysts can merge different statements referring to the same re-
quirement. Future work will consider crowdsourcing the stakeholders to detect dupli-
cates and to improve the quality of the requirements, as well as integration with exist-
ing requirements management tools to support other methods of eliciting require-
ments (e.g., use cases, user stories, and goal modelling) [21]. Based the literature 
extensive researches have been done with regards to commercial IT or web-based 
tools to identify and categorize stakeholders. In Table 3 the current literature for 
stakeholder analysis, both for the IT projects and PCS projects, is summarized. 
 
Table 3. Stakeholders analysis literature 
References for Stakeholders’ analyses IT Projects PCS Projects 
Forsythe et al. (1989) [16]    
Ebert et al. (1997) [19]    
Jiao et al. (2006) [20]    
Hvam et al. (2008)[17]    
Lim at al. (2011) [21]    
Nollore et al. (1999) [15]    
Felfernig et al. (2014) [3]    
Bittner (2002) [22]    
Mortensen et al. (2008) [18]    
3.3 Validation, Test, Maintenance and Documentation of the Data 
In industrial companies delivering complex and highly engineered products, it is cru-
cial to have an efficient system for the documentation of attributes and rules imple-
mented in the PCS, which enables communication of the product knowledge with 
domain experts. The documentation is also important for the configuration engineer-
ing team working with the PCSs to enable them to do future development and 
maintenance of the systems. Studies in companies using product PCSs have revealed 
that without documentation system companies are unable to develop their configura-
tors, which can lead that they are forced to abandon or rebuild PCS [23]. It is there-
fore of importance to have reliable product documentation, i.e. without technical er-
rors and mirroring exactly the customer’s expectations [24]. Documentation is vital 
for all IT projects as it is used for sharing knowledge between people and it reduces 
knowledge loss when team members become unavailable [25].The underlying product 
model is a ‘living organism’ and will quickly become obsolete if not maintained [26]. 
Tiihonen et al. [27] reflect on the challenges of using PCSs and one of them is that 
many practical configuration models are poorly documented, incomplete, difficult to 
understand or outdated. The maintenance of the PCSs can be divided into two general 
areas: maintenance of the product model and maintenance of the IT system [26]. 
 
4 Framework Development 
To avoid the risk of failure when using data collection methods, this framework helps 
configuration engineers and the organizations to become more efficient in this pro-
cesses. Timeliness of data collection and data validation is quite important for the 
accuracy of the development.  In the area of PCS, the knowledge to be acquired can 
be both unstable and contentiously changing [11]. As the system grows and get more 
successful, the users expect more and have new requirements [13]. That is why an 
iterative framework is needed so it can be used during the project development as 
well as after the development and in the production phase. Based on Basili’s [7] six 
steps approach, which was explained previously in the literature, it is possible to spec-
ify the data collection framework for a configuration project listed below: 
 
  
Fig. 1. The proposed data collection framework illustration for configuration projects 
The suggested framework is built on a five steps that can be used iteratively. In or-
der to accomplish the framework all the sub steps listed under each step have to be 
finished. Aligned with different projects in different companies and with different 
types of stakeholders the sub steps might have to be adjusted. This framework should 
enable the configuration engineers to be more in control of the level of details to be 
included in the project by knowing the exact outputs and thereby being able to ask for 
the relevant input needed for the development of the PCS. 
4.1 Establish the Goal of the Data Collection 
Considering product configuration as a requirement for highly engineered products, 
the team needs to understand what kinds of outputs are needed for the project accom-
plishment. A goal determination is used to increase the understanding of the environ-
ment and to focus the attention on techniques that are useful at this stage [7]. Jiao et 
al. [20] defines the customer’s requirements in general in three aspects which are; 
requirements elicitation, requirements analysis, and requirements specification. Based 
on the RUP methods, the stakeholders and their necessities can be drawn through two 
specific methods: the first one is by using process flowcharts (TO-BE process) [17], 
and the second one is by utilizing the use case diagrams from the RUP method [10]. 
The TO-BE flowcharts can be drawn according to different scenarios to determine the 
future process [28]. A use case is a pattern for a limited interaction between a system 
and actors in the area of application. Use case diagrams are the means of expressing 
the requirements and the actors involved in the project. According to the RUP rules 
the same use case is utilized in system analysis, design, implementation and testing 
[17]. 
4.2 Categorize the Data Collection 
The most efficient way of data categorization is to determine the most important out-
put data according to the stakeholders’ requirements and subcategorizes step by step. 
Such grouping permits the type of data in the PCS project with respect to the needed 
data. In the configuration projects, the data needed can directly come from the stake-
holders’ requirements determination e.g. data for documents needed from configura-
tor, data needed for integration and software development, data needed for price cal-
culations and etc. This way the data needed can be categorized according to the de-
sired deliverables. 
4.3 Prioritizing the Products and Functionalities 
Component-based development concerned with how to build quality systems that 
satisfies the business needs quickly, preferably by using parts rather than handcrafting 
every individual element [29]. The purpose of using a component based structure 
based on RUP approach [10] is to break a large and complicated project into smaller 
pieces in order to make the process easier both for the users and developers. As 
Felfering et al. [3] describe using a component based strategy can be very helpful in 
complicated and highly engineered projects. When categorizing the expected results 
and outputs from the configurator due to the requests from stakeholders, the expecta-
tions from the project become clearer. By giving components weight to determine 
their priorities and importance in the project can help in the initial assessment [30]. 
The weight can be an index for scoring the value adding activities. The comparison 
between the tables related to the components weights gives a sense of the importance 
of the components regarding different aspects such as stakeholders’ requirements, 
sales rates, market needs or even the complexity of the component. 
4.4 Collecting and Validating the Data 
The accuracy and correctness of data is checked by the domain expert for correctness, 
consistency, and completeness during the project iteration [30] in each version of 
PCS. A number of methods have been used to help the engineers to do project tests 
iteratively [31]. In order to gather the information the best option is often to have 
regular meetings to ask for the knowledge, receive feedback and validation. 
4.5 Analyzing, Maintaining and Documenting the Data 
Documentation systems are one of the vital tools during the project development, 
which permit the domain experts to be involved in the process from the first phases of 
the PCS project. The presentation of the knowledge in the PCS projects in the phe-
nomenon model structure is one of the greatest challenges in these kinds of projects 
[32,33].  The ideal situation is to have a documentation system and exchange the 
knowledge inside the PCS with domain experts to allow them to test, verify and up-
date the knowledge in the system iteratively. This can reduce costs due to preventing 
potential mistakes in the final stages of the project. The results indicate that having 
documentation system available during the system development reduces the mainte-
nance time by approximately 20 percent [34]. There are a couple of authors had been 
worked on representation techniques [8,35,36,37,38,39,40]. In this step it is recom-
mended to use Product Variant Master (PVM) associated with Class, Responsibilities, 
and Collaboration (CRC) Cards and class diagrams, which are built on UML. The 
reason for the selection of this representation technique is based on experience of the 
research team. 
 
Product Variant Master. The PVM presented by Hvam [41] represents the product 
knowledge in a structured format from three different aspects, which are customer’s 
view, engineering view and production/part view. The different aspects are chosen to 
represent the most important stakeholders of the system. Furthermore, the relation 
between the different views allows identification of none value adding activates and 
complexity. The PVM is built of the Product Family Master Plan that is used develop-
ing ”product families”, based on the architecture presented by Harlou [42]. For visual-
izing and facilitating product knowledge, the PVM has proven to be successful in 
numbers of cases. 
 
CRC Cards. The CRC cards were first proposed by Cunningham [43] as a way to 
teach object oriented thinking. Hvam et al [41] later presented several revised defini-
tions of the CRC cards to be used in product configuration projects. The CRC cards 
are used associated with the PVM and the class diagram in order to contain more 
detailed information. 
5 Case Study 
The proposed framework was tested at an industrial engineering company, which is 
specialized in production of heterogeneous catalysts and in the design of process 
plants based on catalytic processes. The framework was used in the early phases in 
PCS project for Wet Sulphur Acid (WSA) processes plants used in industries like oil 
refining, coking, coal gasification and viscose fiber use. 
5.1 Establish the Goal of the Data Collection: 
Aligned with the literature, workshops where held in order to determine the goal of 
the data collection after determining the main stakeholders. The main tools that were 
used in this phase were flowcharts to determine the To-Be processes and use case 
diagrams for visualization and communication with the domain experts. A long list of 
functional and nonfunctional requirements for individuals parts of the system where 
identified. In Table 4 some of the stakeholders’ requirements have been prioritized 
according to the MoSCoW principles. 
  
Table 4. Examples of stakeholders’ requirement prioritization 
List of requests Must 
have 
Should 
have 
Could 
have 
Want 
to have 
Combining document snippets into full 
technical or commercial proposals (sales 
people and cost estimators) 
     
Loading data from the configurator into 
tables in the technical and commercial 
(sales, cost estimators and marketing 
group) 
     
Price calculation, bills of material and 
scope of supply (all stakeholders) 
     
Having colors for different components in 
user interface 
     
 
In this case use case diagrams used for the project visualizing where the main actors 
involved in the configuration processes along with the functional requirements.  
5.2 Categorize the Data Collection 
At this stage of the project, there is a need to determine what kinds of information are 
needed based on the stakeholders’ requirements and the project goal. In Table 5 a 
categorization of the information is listed. 
Table 5. The categorized phases for the case study 
Categorized 
phase 
Output needed 
Configuration 
requirements 
There is a need for the products data for configuring the product 
according to the stakeholders’ order in the execution of the sys-
tem. 
Calculation pre-
requirements 
There is a need for the data are used in the calculation inside the 
configuration engine for constraint parts. 
Needed docu-
mentation re-
quirements 
There is a need for the data are used in the documentation part 
for Price Calculation Sheets (PCS), Bills of Materials (BOM), 
Scope of Supply (SOP) and…. 
Integration re-
quirements 
There is a need for data is used for the integration section. 
 For calculation 
 For flow diagrams 
 
5.3 Prioritizing the Products and Data 
Weighting tables are used to determine the importance of different components [30]. 
In this case, the weighting is according to the stakeholders’ requirements and the 
complexity of the components. It means the project will start with the components 
that receive the highest score according to the stakeholders’ needs and the lowest 
score for the complexity. The complexity in this case is determined by comparing 
number of rules and attributes across different products. Products categorized with 
low complexity therefore have few rules and attributes compared to other products. In 
Table 6 an example of component weighting is shown. In this table the product is 
requested highly by the stakeholders but also earns high degree of complexity. The 
weighting table could contain other factors to make the decision making easier for the 
configuration group. 
Table 6. Weighting Tables  
Product 1 Importance (0-10) Complexity (0-10) 
Stakeholder 1 10 10 
Stakeholder 2 9 6 
Stakeholder 3 8 9 
Stakeholder 4 10 10 
Stakeholder 5 8 8 
Stakeholder n …. …. 
Mean value of im-
portance 
10 + 9 + 8 + 10 + 8 +⋯
n
 
10 + 6 + 9 + 10 + 8 +⋯
n
 
5.4 Collection and Validation of the Data 
In this particular case, the close relation with domain experts was really helpful to 
gather and validate data for the project. In this step the following achievements are 
fundamental for the project success: 
 Logical consistency: the attributes, variables and constraints should be con-
sistence when entering the PCS. 
 Validate the model with domain experts: there must be an efficient commu-
nication method available between the configuration group and domain ex-
perts. Therefore, domain experts are able to check and validate all the 
knowledge modeled in the PCS. A communication system based on the PCS 
data extraction used in this case [9]. 
5.5 Analyzing, Maintaining and Documenting the Data 
The documentation system at the company illustrates the knowledge in the PCS in the 
form of PVM and class diagrams. The system has been developed to have a proper 
communication with the domain expert during the project development as well as for 
the documentation and maintenance of the knowledge and for the future updates and 
changes. An example of the PVM that was made for this project is shown in Figure 2. 
 
Fig. 2. The example for PVM from the case study 
6 Discussions and Conclusion 
The suggested framework for data collection is developed based on literature and 
experiences from implementing PCSs and IT projects. Companies investing in PCSs 
aim to  use  the PCS  as  a  solution  for  decreasing  complexity;  and  make  the  
sales  and  engineering processes more efficient [44]. Without a clear framework for 
data gathering from the early stages, the PCS tends to get complicated as a result to  
lack of focus on the level of the data details.  The framework proved to be useful for 
the project team by supporting early clarification of the project goal, identification of 
stakeholders’ requirements, data categorization, products prioritization and finally for 
the validation of the data and maintenance and documentation.  The framework 
helped to focus and give priority only to needed parts of the PCSs and reduce time 
spent in the early phase of the project. The suggested framework has been tested in an 
ETO company on a couple of PCS projects. In terms of future studies several areas 
have been identified that are listed below: 
 More testing for different types of project and in different companies. 
 More research on the categorization of data 
 Other available tools and methods for prioritization of the products and 
functionalities 
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